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ABSTRACT 


The  results  of  microwave  attenuation,  phase  shift 
and  radiation  temperature  measurements  in  the  late  after¬ 
glows  of  pulsed  oxygen  discharges  of  various  types  are 
discussed  from  the  point  of  view  of  the  collision  frequency 
and  G-factor  determination. 

A  new  general  theory  for  the  evaluation  of  the  G- 
faotor  from  the  radiation  temperature  increases  under 
microwave  heating  conditions  is  reported.  The  values  com¬ 
puted  with  this  theory  in  nitrogen  are  in  very  good  agree¬ 
ment  with  the  previous  diffusion  measurements  by  Crompton 
and  Sutton,  whereas  in  oxygen  the  agreement  with  the 
measurements  by  Healey  and  Kir’epatriok  is  much  less 
satisfactory. 
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MEASUREMENTS  IN  OXYOEN 


The  first  step  in  the  research  program  for  the 
year  May  1,  196I-  April  30,  1961  has  been  to  perform  a  set 
of  measurements  in  oxygen  quite  similar  to  the  measurements 
previously  done  in  nitrogen. 

This  set  consisted  in  measuring  the  attenuation  in¬ 
crease  and  the  phase  shift  of  a  microwave  signal  at  9650  Mo/s 
and  the  microwave  radiation  temperatures  due  to  an  oxygen 
afterglow  plasma.  The  set-up  is  described  in  details  in  the 
Technical  (Scientific)  Note  N®1  (see  also  ref .2).  Here  we 
recall  only  that  the  plasma  is  generated  in  a  cylindrical 
container,  one  meter  long  and  with  an  internal  diameter  of 
16  mm,  placed  in  a  circular  waveguide  with  a  20  mm  diameter. 
The  propagation  takes  place  in  the  doir.lnant  TE^  ^  mode. 

The  measurements  arc  performed  nt  different  pressures 
around  few  mm  Hg,  discharge  currents  and  afterglow  times. 

For  the  first  racasui'emonts ,  like  in  nitrogen,  we  have  used 
the  positive  plasma  column  of  a  conventional  glow  d.c.  dis¬ 
charge,  generated  across  two  electrodes  placed  outside  the 
waveguide,  at  the  two  endr  of  the  contain^ i- 

The  results  have  been  similar  to  those  found  in 
nitrogen,  namely  the  electron  temperatures  are  much  higher 
than  room  temperature,  being  around  2-3  thousands  degrees 
at  post-discharge  times  between  50  and  iJOO^usec.  If  the 
experimental  conditions  are  changed  over  the  pressure, 
current  and  afterglow  times  ranges,  at  which  the  measure¬ 
ments  may  be  performed  with  sufficient  accui’acy,  only  small 
variations  in  the  radiation  temperature  are  obtained.  The 
resulting  temperature  range  is  then  too  small  for  a  deter- 


miMtlOB  of  th«  elootron  oolllalon  proteblllty  In  ozyson* 

To  inoroaso  thla  range  we  hare  firet  tried  to  heat 
the  plaema  with  two  hlgh-power  mlorowaTe  algnale  at  9000  Me/a 
and  9200  Ko/e  reapeotlvely,  aooordlng  to  the  aoheme  report¬ 
ed  In  the  Teohnloal  Summary  Report  R*  1 .  With  thle  experiment 
we  hoped  to  determine  alao  the  fraotlonal  energy  loan  per 
oolllalon  (O-faotor)  from  the  measured  temperature  Inoreaae 
due  to  the  applied  mlorowave  heating  poweri  aa  It  waa 
preTloualy  acoompliahed  In  nitrogen. 

However,  no  appreolahle  ohange  In  the  afterglow 
temperatures  was  observed  in  our  oxygen  experiment,  also 
when  the  heating  klystron  power  was  inoreased  up  to  2  W. 

Thle  Indicates  a  very  large  d-factor,  which  Is  In  agreement 
with  Healey  and  Kirkpatrick,  who  report  a  value  60  times 
larger  than  the  elastic  collision  value. 

Considering  these  results,  the  problem  of  decreasing 
the  electron  temperature  down  to  the  therraal  values  was 
again  regarded  as  the  basic  step  for  a  successful  determi¬ 
nation  of  the  basic  collision  peurameters  In  oxygen. 

A  hopeful  approach  to  the  problem  to  obtain  a  low 

temperature  oxygen  plasma  Is  the  use  of  the  negative  glow 

of  a  cold  cathode  discharge.  With  this  type  of  discharge 
4 ) 

J.M.  Anderson  '  found  in  Helium  radiation  temperatures 
as  low  as  3?0°K.  For  this  purpose  a  new  discharge  tube  and 
a  new  modulator  suitable  for  this  type  of  experiment  were 
designed. 

In  this  new  design  the  discharge  taken  place  between 
two  0.2  mm  tungsten  wires,  which  are  stretched  along  the 
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Inside  wall  of  the  standard  0.73"  pyrex  oyllndrloal  con¬ 
tainer.  The  wires  are  located  at  the  two  ends  of  a  dlansteri 
80  that  their  distance  Is  0.73";  at  this  distance  the  gas 
pressure  being  o^round  3nunHgt  most  of  the  discharge  In 
formed  by  the  negative  glow.  A  T-300  Brown  Boverl  trlodSi 
driven  by  two  5687  tubes,  provides  for  a  3 •5  KV  spike  to 
start  the  discharge  and  for  a  600  V  pulse  to  maintain  It 
with  a  current  of  1  A  for  about  lOO^sec. 

Two  sets  of  measurements  were  performed;  the  first 
one  with  the  wire  electrodes  in  a  vertical  plane  and  the 
second  with  these  wires  in  a  horizontal  plane.  In  the 
second  case  the  wires  were  located  at  the  two  positions 
of  minimum  microwave  electric  field,  so  that  a  better 
microwave  match  and  lower  attenuations  can  be  achieved. 

In  both  cases  measurements  have  been  performed  both 
diu'lng  the  discharge  and  in  the  afterglow;  microwave  heat¬ 
ing  has  also  been  used* 

The  radiation  temperatures  we  have  thus  measured 
range  from  800«K  to  8000®K.  The  corresponding  measured 
values  of  the  parameter  U»/ or;  end  •'i  being 

the  real  and  the  imaginary  parts  of  the  plasma  conductivity, 
w  the  signal  frequency  and  the  normalized  pressure) 
plotted  versus  the  radiation  temperatures ( fig *1 )  show, 
however,  a  large  scattering.  This  scattering  is  probably 
due  in  part  to  some  residual  mismatches  Introduced  in  the 
waveguide  by  the  discharge  and  in  part  to  the  different 
shapes  of  the  electron  distribution  function,  which  may 
be  far  from  the  Maxwellian  one,  in  the  various  experimental 
conditions. 

The  errors  due  to  the  non-contemporaneity  of  the  phase- 
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attenuation  and  temperature  meaeuremente ,  which  ware  re¬ 
garded  as  another  eouroe  of  scattering  at  the  time  of  the 
first  measurements,  were  removed  using  a  new  set-up,  where 
these  data  are  taken  at  the  same  times. 

Considering  the  large  scattering  of  the  above  ex¬ 
perimental  data,  no  computation  of  the  collision  frequen-' 
oy  has  been  made,  from  the  measurements  of  radiation 
temperature  increase,  when  the  miorowave  heating  is  present^ 
oonsistent  determinations  of  the  0-faotor  have  been  possible* 

Two  considerations  may  explain  why  it  is  possible  to 
evaluate  the  O^factor  and  not  the  collision  frequency. 

The  collision  frequency  is  directly  dependent  on  the 
measured  microwave  attenuations,  which  are  the  less  acou- 
rate  data,  whereas  the  attenuations  enter  the  0-faotor 
determinations  only  as  corrective  terms.  Moreover  the 
shape  of  the  distribution  function  does  not  appear  ex¬ 
plicitly  Into  the  formula  for  ooaputing  the  0-faotor, 
whereas  it  has  a  major  role  in  the  collision  frequency 
formula . 

In  the  Technical  Sununary  Report  N*  1  the  theory  for 
the  O-factor  determination  was  given  for  the  case  of  a 
constant  electron  collision  frequency  and  of  a  Maxwellian 
velocity  distribution.  We  shall  present  in  the  next 
Sections  a  more  general  theory  and  a  review  of  the  entire 
problem.  The  experimental  data  will  be  discussed  at  the 

end.  I 
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THE  0-??ACT0R  PROBLEM 


The  problem  to  be  dlsouseed  here  is  the  determi¬ 
nation  of  the  fractional  energy  loee  suffered  by  an  elsetroni 
on  the  average)  on  each  oollleion  with  the  gas  molseulos* 

This  quantity)  which  we  shall  call  0)  Is  exactly  defined 
saying  that  a(mv  /2)  is  the  average  energy  lost  by  an 
electron  of  velocity  V)  which  collides  with  a  gas  moleoule 
at  rest.  In  general  0  is  a  function  of  the  velooity  v. 

When  a  microwave  signal  is  propagating  in  a  plasmai 
the  electron  mean  energy  is  increased,  because  the  electrons 
have  their  ordered  oscillatory  motion  due  to  the  field 
changed  to  random  motion  on  each  collision  with  the  gas 
molecules.  If  we  measure  the  microwave  energy  absorbed) 
on  the  average,  by  each  electron,  as  well  as  the  plasma 
microwave  radiation  temperature,  both  in  the  presence  and 
in  the  absence  of  this  microwave  heating  field,  the  frac¬ 
tional  electron  energy  loss  per  collision  may  be  detexmined* 
For  this  we  need  an  energy  balance  equation  written  on  an 
electron  basis. 


In  fact  if  the  collision  frequency  is  independent 
of  the  electron  velooity,  the  plasma  microwave  radiation 
temperature  (T  )  is  a  direct  measure  of  the  electron  mean 
energy  (u  ^  3ET^2).  If  G  is  also  velocity  independent, 
then  G  times  the  change  in  the  electron  mean  energy  must 
be  equal  to  the  energy  absorbed  from  the  field  between 
collisions,  which  in  this  case  is  the  well  known  t 
e  E^nrn^  ,  where  E^  is  the  r.m.s.  applied  microwave  field 
and  Wjj  its  radian  frequency  (low  pressure  oases  i 

V  being  the  electron  collision  frequency  for  momentsim 

m 

transfer). 
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V/hen  the  oolllBlcn  frequency  le  dependent  on  the 
velocity,  the  problem  can  etlll  be  solved  easily,  if 
the  measuremente  are  performed  in  the  late  afterglow 
of  a  decaying  plasma  in  which  electrons  are  in  thermal 
equlllbrlxim  with  the  gas  molecules.  In  this  case  their 
distribution  function  is  Maxwellian  and  it  remains  such, 
when  the  microwave  heating  signal  is  applied,  prc'ided 
that  0  is  velocity  independent. 

Since  the  temperature  of  this  Maxwellian  distribu¬ 
tion  is  equal  to  the  measured  radiation  temperature,  the 
electron  distribution  is  completely  known.  If  the 
function  is  known,  it  is  possible  to  compute  the  power 
absorbed  by  each  electron  from  the  field  and  the  rate 
of  energy  losses  due  to  collisions  with  the  gas  molecules. 
Equating  these  quantities  we  obtain  a  relation,  where  0 
is  the  only  unknown.  If  the  function  is  unknown, 

it  can  be  determined  during  this  same  experiment  accord¬ 
ing  to  a  well-known  method,  measuring  the  plasma  micro- 
wave  complex  conductivity  as  a  function  of  the  radiation 
temperature. 

Also  if  0  is  velocity  dependent,  the  problem  may 
in  principle  be  solved,  because  the  distribution  function 
is  here  given  by  an  expression  containing  G(v)  and  a  set 
of  integral  equations  may  be  written,  which  ic  sufficient 
for  the  determination  of  the  unknown  V„^(v)  and  G(v). 

Thus  the  problem  may  be  solved,  at  least  by  numerical 
methods. 

However,  in  the  case  of  nitrogen  and  oxygen,  the 
collision  frequency  is  not  velocity  Independent  and  the 
isothermicity  is  not  achieved  in  our  late  afterglows 


beoause  special  heating  prooeeses  are  active  diirlng  the 
decays  and  keep  the  electrons  at  a  mean  energy  higher  than 
that  of  the  molecules.  This  experimental  result  Indicates 
that  the  electron  distribution  function  has  to  be  consider¬ 
ed  unknown  during  the  afterglow;  the  problem  of  determining 
the  O-factor  seems  thus  hopeless  for  the  lack  of  sufficient 
data  from  the  experiment. 

Porturately,  a  more  detailed  analysis  eiiows  that  the 
problem  can  be  solved  also  in  this  case,  if  we  may  corsider 
G  as  velocity  independent,  at  least  over  the  main  pjr.t  of 
the  concerned  electron  distribution  functions,  and  if  the 
plasma  microwave  conductivities  are  measured,  besides  the 
microwave  radiation  temperatures.  This  analysis  is  reported 
here. 

Let  us  assume  a  plosma  in  a  steady-state  and  with 
uniform  characteristics  over  the  entire  space  region  of 
interest.  No  external  static  magnetic  field  is  applied 
to  the  plasma.  A  microwave  signal  is  sent  through  the 
plasma  and  the  changes  in  its  amplitude  and  phase  due  to 
the  plasma  are  measured .  F;  om  these  the  real  and  imaginary 
parts  of  the  plasma  microwave  conductivity  ir=  ^ 
are  determined.  These  parameters  are,  in  the  low  pressure 
case,  related  to  the  plasma  parameters  by  the  well-known 
formulas : 


!  MO  w  *  ( 1  ) 

G;  _  lLl_  f  W  /jt£  .  ■fJT/W  (2) 

Here  n  is  the  electron  density,  f  is  the  nphorically 
symmetrical  part  of  the  electron  distribution  function, 
normalized  so  that  ±  ^  and  iv  is  the  radian 
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frequency  of  the  measuring  signal 

The  main  quantity,  which  is  measured  in  the  present 
experiment,  is  the  incoherent  radiation  emitted  by  the 
plasma  at  microwave  frequencies.  In  particular  the  ezi>er> 
Iment  Is  performed  sending  through  the  plasma  the  mlorowaye 
radiation  of  a  black  body  at  a  known  temperature  and  find¬ 
ing  the  temperature  at  which  the  absorbed  radiation  equals 
the  emitted  one.  This  black  body  temperature  is  called  the 
plasma  radiation  temperature  T^. 

Bekefy ,Hlrshf ield  and  Brown  have  shown  that  this 
temperature  is  related  to  the  plasma  parameters  by  the 
formula : 

^00  /  •* 

Jilr  »  -  /  ✓J?.  /fi;  (3) 

/  ”  /  J  tiv 

'O  '  0 

We  shall  now  apply  to  the  plasma  a  microwave  heating 
field,  uniform  throughout  space,  with  a  radian  frequency 
iVk,  and  derive  an  energy  balance  equation,  where  the  unknown 
0  is  present  and  the  above  defined  plasma  parameters  may 
be  substituted  in. 

We  start  by  writing  the  equilibrium  condition  that 
the  rate  at  which  electrons  would  pass  a  velocity  v  in  the 
upward  direction,  under  the  influence  of  the  applied  micro- 
wave  heating  field  and  in  the  absence  of  collision  losses, 
must  be  equal  to  the  rate  at  which  electrons  would  pass 
the  same  velocity  v  in  the  downward  direction,  at  the  moment 
the  microwave  field  is  removed.  The  equation  is: 

=  -  (4) 

"  ''y 
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where  one  prime  will  Indicate  throughout  the  values  of  the 
quantities  without  the  microwave  heating  field  and  double 
primes  those  In  the  presence  of  the  heating  field.  In  thle 
equation  B  la  the  apherically  symmetrical  part  of  the  rate 
of  change  of  the  probability  to  find  an  electron  In  a  ve¬ 
locity  volume  element  and  is  given  by  the  difference  be^- 
tween  the  probability  that  the  electron  be  scattered  into 
that  volume  In  the  unit  time  and  the  probability  to  be 
scattered  out. 


According  to  Allio^  \  when  0  is  velocity  independent! 
and  the  scattering  angle  is  distributed  as  for  elastic  col¬ 
lisions,  the  function  B(v)  can  be  written  ast 

6,.  (f.  '  (5) 

IV*-  4vi  mV  dv  'J 

where  T  is  the  temperature  of  the  gas  molecules. 

Introducing  this  value  of  B*  eq.(4)  reduces  toi 


.  (6) 

3  aTT  ^  L  mV  MV  ^  my  dv  J 

Multiplying  both  sides  by  mv,  integrating  over  the 

entire  velocity  space  and  rearranging,  we  obtains 


a 

MV 


ATTV 


]  ■  ^  '  (T) 

j  *'  V  9(y/  *v  ij  v'  ' 

# 

This  is  clearly  an  energy  balance  equation.  The  left 

hand  side  is  j ,  namely  the  mean  power  absorbed 

from  the  field  by  each  electron;  the  right  hand  side  is 

the  difference  between  the  mean  power  lost  by  an  electron 

in  collisions,  when  the  heating  field  is  pr  .;ent,  and  the 

mean  power  lost  in  the  absence  of  this  field.  The  terms 

containing  T  come  in  because  the  gas  molecules  are  not 
S 
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at  rest*  as  in  the  definition  of  G,  hut  have  a  Maxwell 

distribution  with  temperature  T  . 

S 


Fortunately  «nou/;h,  all  the  intecrals  In  eq.(7)  are 
of  the  types  given  In  eq9.(2)  and  (3);  when  these  equations 
and  eq.(l)  are  substituted  into  (7)t  this  can  be  solved  for 
G  to  give  I 

K  A.T  (QJ 

where : 


-r-"  -r 

AT  'T 


(9) 


The  quantity  AT,  which  has  the  meaning  of  a  tempe¬ 
rature  difference,  is  easily  computed  from  all  tlie  measured 
parameters.  In  particular,  when  the  collision  frequency  is 
velocity  independent,  we  have  AT  =  T"  -  T  and  when  the 
afterglow  plasma  is  isothennal,  we  have  AT  =  T  -  T  . 

I* 


Eqs.  (6)  and  (9)  are  thus  tie  basic  relations  which 
solve  our  problem,  within  the  discussed  limitations.  They 
have  been  used  for  computing  0  in  nitrogen  and  oxygen  from 
our  set  of  ncasurerientn  of  the  microwave  conductivity  ratios 
(T;  and  radiation  temperatures  with  and  without  the 
microwave  heating. 


In  the  actual  experiment,  honever,  the  plasma  is 
generated,  heated  and  measured  in  a  waveguide  so  that  the 
fields  and  the  plasma  characteristics  are  not  constant  ir 
space,  as  assumed  by  the  previous  theory.  In  our  experiment 
the  geometry  of  the  discharge  and  the  microwave  heating 
are  such  that  all  the  quantities  of  interest  are  functions 

loql'o  ^  ^  di 
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only  of  thr:  ijoi^ition  in  the  crooo-BGCtion  of  the  cylin¬ 
drical  plaoina  column  and  not  of  the  pooltion  along  the 
axlo. 

Inotoad  of  the  conductivity  ration ,  we  thuo  measure 
the  attcnuatlon/phttoo  nhift  ratioe,  [k/ 0)  whore  A  io  the 
attenuation  in  Nepers,  and  (j)  the  phaoe  shift  in  radians),' 
given  hy: 

tis  (-0) 

where  is  the  woasui'ing  field  configuration  over  the 
plasma  croon-section  S. 

The  moaourod  radiation  tomperaturoo  arc  given  by*. 


(11) 


In  the  presence  of  a  microwave  heating  field,  not 
uniform  over  the  crosn-oection,  we  diatinguish  between 
two  limiting  cnoen*.  1)  the  caoe  of  infinite  thermal  con¬ 
ductivity  of  the  p].aoma,  so  that  the  distribution  function 
is  independent  of  the  position  in  the  I'lasma,  2)  the  case 
of  7.cro  thonnal  conductivity,  so  that  th*'  distribution 
function  is  varying  with  the  position,  but  has  at  each  point 
the  uniform  case  values  under  the  local  lieating  field. 


In  the  first  casp  t!:e  f  nergy  balance  equation  for 

electron  (7)  may  stil.l,  l>p  cnnsidercid  valid,  if  we  take  for 
2 

a  convenient  avora.gn  value  over  t}ie  plat!;!ia ;  a  sinple 
physical  vnnnoni.nr;  shown  that  this  oonveniout  value  is; 
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If  we  now  multiply  both  sides  of  (7)  by  <15 

and  Integrate  over  the  p]n>^ma  oross-section,  assuming  the 

density  ratio  n'/w"  Independent  cf  position,  we  obtain  the 

“7  2 

same  eq.(8)  for  0  with  E.  in  place  of  E.  andj 


LT  =  <  T  >  -  T«  -  3!  ^  f 


<  T-? 


'-^s) 


(U) 


In  the  zero  thermal  conductivity  case  eq,(7)  is 
valid  at  each  point.  If  we  multiply  both  sides  by  n'f,,, 
integrate  over  the  plasma  cross-section,  assuming  the 
density  ratio  independent  of  iiosition,  and  finally 
divide  by  the  factor  K,.  ,  we  obtain  again  for  0 

'i  2 

eq»(8),  where  AT  is  still  given  by  (13),  but  Ej^  has  to 
be  substituted  by  the  average  value: 


(U) 


A  simple  criterion  may  be  given  to  determine  wheth¬ 
er  the  zero  or  the  infinite  thermal  conductivity  formula 
has  to  be  preferred.  The  zero  conductivity  formula  (14) 
will  be  chosen,  when  for  the  average  election  the  energy 
relaxation  time  ~  l/  G- ^  is  shorter  than  the  time 
required  by  the  clctron  to  diffuse  over  a  distance  of  the 
order  of  the  heating  field  disuniformities  ( 
where ^  is  the  above  said  distance).  The  infinite  conduc¬ 
tivity  forraula  (12)  will  be  used  in  the  opposite  case. 
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O-PACTOR  DETERI1INATI0N3  FROM  EXPERIMENTAL  EATA 

The  reaulto  of  the  previous  analyola  will  now  "be 
applied  to  oomputo  acain  tho  O-factor  in  nitroseng  which 
wao  determined  in  the  Technical  Sununary  Report  N*  1  under 
the  simplified  aoaumptiono  of  a  conotant  colliaion  fre¬ 
quency  and  of  a  Maxwellian  distribution.  They  will  also 
be  applied  to  the  oxygen  experimental  data  obtained  in 
tho  measuremento  reported  in  Section  1  of  the  present 
Report. 

In  our  experimental  conditions  the  zero  thermal 

conductivity  formula  (14)  for  has  to  be  preferred. 

In  fact,  both  in  nitrogen  and  in  oxygen  using  Phelps 

5 ) 

data  and  our  reoulto,  the  energy  relaxation  times  are 
less  than  l^ua,  or  at  tho  most  equal,  whereas  the  diffusion 
timoQ  over  tho  distance  of  one  waveguide  rodlus  ore  always 
longer  than  1  ^us.  The  conductivity  crj,' ,  which  enters  into 
Eq.(l4),  is  proportional  to  the  density  and  depends 
on  tho  local, electron  energy;  in  our  experiment  we  may, 
however,  disregard^  this  deppndc?nco  on  tlic  basis  that  the 
energy  increase  is  only  a  fraction  of  the  initial  electron 
energy.  For  the  spatial  variation  of  the  electron  density 
we  have  assumed  a  constant  density  in  the  nitrogen  plasma 
(recombination  controlled  decoy)  and  a  radial  Bessel  Sg 
varation  in  the  oxygen  planma  (attachment  and  diffusion 
controlled  decay). 

The  reoulto  are  an  f ollowo  ; 

1)  In  nitrogen,  uL  radiation  tomporatureo  between  3000 
and  5500OK,  G  -  (3.95  +  and  no  dependence 

of  thio  value  on  tho  temperature  in  observed. 


S.  p.A. 


<)  In  oxygeni  at  radiation  temperaturaa  batweea  850  and 
1900«K,  a  ■  (4.8  ♦  1.0)»10“^  and  the  afterglow  meaaxure- 
menta  eeem  to  Indicate  a  deoreaae  in  when  the 
temperature  Inoreaaee. 

From  the  data  obtained  by  Crompton  and  Sutton 

-4 

in  nitrogen  we  have  0  b  3.3.10  at  the  electron  tempera- 
turee  of  4000«K  and  47000K,  aseumlng  a  Maxvellian  distri¬ 
bution  for  the  electrons  in  their  experiments,  and 
-4  -4 

0  B  4.1.10  and  4>3*10  at  the  same  temperatures,  as¬ 
suming  a  Druyvesteyn  distribution.  These  data  are  in  very 
good  agreement  with  out  measurements. 

From  the  data  obtained  by  Healey  and  Eirkpa trick  (7) 
in  oxygen  we  have  0  b  7.3.io~^  at  the  electron  temperature 
of  1600  «K,  a  greater  value  than  ouhs. 

FUTURE  WORK  PROGRAM 

On  the  basis  of  the  above  results  and  according  to 
the  Contract  Extension  Proposal,  our  future  work  program 
is  as  follows: 

1 ) -  Using  a  transverse  static  magnetic  field  we  increase 

both  the  real  and  the  Imaginary  parts  of  the  plasma 
microwave  conductivity.  We  can  thus  improve  the  accu¬ 
racy  of  our  attenuation  measurements  and  extend  them 
later  in  the  afterglow  up  to  the  time  when  the  plasma 
has  reached  the  isothermlcity  condition.  From  these 
data  we  expect  to  be  able  to  derive  reliable  collision 
frequency  values  for  the  owygen  case. 

2) -  Microwave  heating  is  larger  when  its  frequency  is  near 
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to  the  gyro-reeormnoe .  We  expect  to  extend  our  0- 
factor  de tormina tloae  In  oxygen  up  to  larger  electron 
energy  values  than  here  reported. 

3) -  By  the  same  microwave  methods  c  e  electron  collision 

frequency  and  the  factor  energy  loss  per  collision 
will  also  he  determined  in  nitrogen-oxygen  mixtures. 

4) -  We  shall  also  investigate  the  posslhlllty  of  performing 

similar  measurements  in  atomic  oxygen,  produced  by  a 
discharge  in  oxygen  under  convenient  conditions. 


(cxjlio 
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